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Abstract 
Effects of Aligned Magnetic field on Hydrodynamic free convection and mass transfer flow of visco-elastic fluid (walter’s liquid 
model B) through porous medium bounded by an oscillating porous surface in the slip flow regime has been analyzed.  The 
problem is solved analytically for velocity, temperature and concentration fields.  Skin friction, rate of heat and mass transfer 
coefficients are derived and shown in tabular form. Effects of various flow parameters on flow quantities are discussed and 
analyzed through graphs. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
     Free  convective  flow  in  presence  of  heat  source  has  been  a  subject  of  interest  of  many  researchers  
because  of  its possible  application  to  Geophysical  sciences,  Astrophysical  sciences, and in Cosmical studies. 
Such flows arise either due to unsteady motion of the boundary or the boundary temperature. The study of 
fluctuating flow is important in the paper industry and many other technological fields. 
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           Therefore, so many researchers to have paid their attention  towards  the  fluctuating  flow of a viscous  
incompressible  fluid  past  an  infinite  oscillating porous plate. Singh et al. [1] have analyzed the heat and mass 
transfer in magnetohydrodynamic flow of viscous fluids past a vertical plate under oscillatory suction velocity. 
   The flow regime is called the slip flow regime, and its effect cannot be neglected. The  problem  of a slip  flow  
regime  is  very  important role  in  this  era  of modern  science, technology and also the vast ranging 
industrialization.  In  many  practical  applications,  the  particle  adjacent  to  a  solid  surface  no  longer  takes  the  
velocity  of  the  surface. The  particle  at  the  surface  has  a  finite  tangential  velocity,  it  slips  along  the  surface. 
The fluids lip page  happening  at  the  solid  boundaries appear  in  many  applications  such as  micro or  nano-
channels  and  in  application  where  a  thin  film  of light oils is attached  to  the  moving  plates  or  when  the  
surface  is  coated  with  special  coating  such as thick mono layer of hydrophobic octadecyltrichlosilane, that is, the 
lubrication of mechanical device where a thin film of lubricant is attached  to the  surface slipping over  one another 
or when the surfaces are coated with special coating to minimize the friction  between them. Singh and Gupta [2] 
have discussed the MHD-free convective flow of a viscous fluid through a porous medium bounded by an oscillating 
porous plate in slip flow regime with mass transfer.  Das et.al [3] have studied the MHD unsteady flow of a viscous 
stratified fluid through a porous medium past a porous flat moving plate in the slip flow regime with heat source. 
The study of heat and mass transfer problems with chemical reaction is of great practical importance to engineers 
and scientists because of their almost universal occurrence in many branches of science and engineering.  A few 
representative fields of interest in which combined heat and mass transfer along with chemical reaction play an 
important role are chemical process industries such as food processing and polymer production.  Mahapatra et al. [4] 
have studied effects of chemical reaction on free convection flow through a porous medium bounded by a vertical 
surface.  Muthucumaraswamy [5]  has  studied  effects  of chemical  reaction  on  a  moving  isothermal  vertical  
surface  with  suction. Al-Azab and Al-Odat [6] have studied an influence of the chemical reaction on a transient 
MHD-free convection flow over a moving vertical porous plate. 
     Viscoelastic fluid flow through high porous media has attracted the attention of engineers and scientists because 
of its importance notably in the flow of the oil through porous rocks, the filtration of solids from liquids and drug 
permeation through human skin and the extraction of energy from Geo - thermal region. The flow through porous 
media also occurs in the ground water hydrology, irrigation and drainage problems, absorption and filtration 
processes in the ground water hydrology, irrigation and drainage problems, and soil erosion and tile drainage, 
absorption and filtration processes in chemical engineering. Chaudhary and Jain [7] have investigated the effects of 
the Hall current and radiation on MHD mixed convection flow of a viscoelastic fluid past and infinite vertical plate.  
Sahoo et al.[8] have discussed the unsteady two-dimensional Magnetohydrodynamic flow and heat transfer of an 
elastic-viscous liquid past an infinite hot vertical porous surface bounded by porous medium with source or sink. 
Kumar and Chand [9] have studied the effect of slip conditions and the Hall current on unsteady MHD flow of a 
viscoelastic fluid past an infinite vertical porous plate through porous medium. Recently Kiran Kumar et.al [10] 
studied chemical reaction and thermo diffusion effects on hydromagnetic flow of rivlin-erickson fluid in an inclined 
channel, [11] chemical reaction and radiation effects on the hydromagnetic free convection flow of viscoelastic fluid 
along an infinite vertical porous plate in a porous medium and [12] Dufour effect on MHD free convection flow of 
chemically reactive and radiation absorption fluid past a vertical permeable moving plate with variable suction. Raju 
et al.[13] discussed the radiation absorption effect on MHD free convection heat and mass transfer flow of visco-
elastic fluid through porous medium bounded by an oscillating plate in slip flow regime with constant suction. 
     In this paper analyses the influence of radiation absorption, chemical reaction and heat source effects on hydro 
magnetic free convection the heat and mass transfer flow of visco-elastic fluid through porous medium bounded by 
an oscillating porous plate in the slip flow regime with constant suction and temperature dependent heat source. A 
uniform magnetic field of strength ܤ଴ is applied normal to the fluid flow direction. Analytical solutions for velocity, 
temperature and concentration are obtained. Skin friction, rate of heat and mass transfer coefficients are also derived. 
The results have been analyzed and presented through graphs and tables for various values of the flow parameters 
Kr , 1R , , pS K , 1K for fixed values of  Pr 0.71, 1, 0.5t ω= = = . 
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2. Mathematical Formulation 
     Consider an unsteady free convection and mass transfer flow of a laminar, incompressible, viscous, electrically 
conducting visco-elastic fluid, through porous medium bounded by an oscillating infinite vertical porous plate in the 
slip-flow regime.  The x-axis is taken along the vertical plate in the upward direction and y-axis normal to it.  A 
uniform magnetic field of strength 0B  is applied the direction at an angle Į to the fluid flow direction. First order 
chemical reaction, radiation, absorption and heat source/sink effects are considered.  
In the analysis the following assumptions are made 
• The flow is unsteady and laminar. 
• The plate is sufficiently long enough, so all the physical quantities are functions of y and t only. 
• The magnetic Reynolds number is very small so that the induced magnetic field is neglected. 
•  Applied electric field is neglected. 
•    The surface is maintained at uniform temperature and uniform concentration. 
•     Viscous and Joules dissipation effects are neglected. 
•  All the fluid properties are assumed to be constant except that of the influence of density variation   
   with temperature. 
Following the analysis and non-dimensional parameters of Rjau et al. [11], the governing boundary layer 
equations of the problem in non-dimensional form are given by 
2 3
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α= + M  is the Magnetic parameter, pK  is the Porosity parameter, 1K  is the visco-elastic  
parameter, R1 is the Radiation absorption parameter, rK  is the Chemical reaction parameter, Pr  is the Prandtl 
number, rG  is the Grashof number, ϑ  is kinematic viscosity, Gm  is the modified Grahof number, Sc  is the Schmidt 
number. Corresponding boundary conditions are. 
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3. Solution of the Problem 
For solving equations (1), (2) and (3) subject to the boundary conditions (4), we assume the following for the 
velocity, temperature and concentration distribution of the field  
( ) ( ) ( ) ( ) ( ) ( )0 1 0 1 0 1, ,i t i t i tu u y u y e T T y T y e C C y C y eω ω ω= + = + = +                       (5) 
Substituting (5) in equation (1) to (3) and (4), equating the coefficients of harmonic and non harmonic terms, then 
solving we obtain the velocity, temperature and concentration field as 
( ) ( )31 2 1 2 2 2 221 2 3 6 7 6 7, ( cos( ) sin( )) ( sin( ) s( ))2 2 2 2
L y
a ya y a y L y L y L y L y
u y t B e B e B e L t L t i L t L co te ω ω ω ω
−
−− −
ª º
= + + + − + − + − − −« »¬ ¼
         (6)
                         
( ) 1 2, a y a yT y t Ae Be− −= +                 (7)
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Skin friction: The skin friction at the wall is given by  
1 6 2 7 2 6 1 7 1 6 2 7 2 6 1 7
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Nusselt number : The rate of heat transfer on the wall in terms of Nusselt number is given by  
1 2
0
u
y
TN a A a B
y
=
§ ·∂
= − = +¨ ¸∂© ¹                        (10) 
Sherwood number: The rate of mass transfer on the wall in terms of Sherwood number is given by 
1
0y
cSh a
y
=
§ ·∂
= − =¨ ¸∂© ¹                                           (11)       
Where 1 2 3 4 1 2 1 2, 3 1 2 3 4 5 6 7, , , , , , , , , , , , , , , , , ,a a a a b b A B B B B L L L L L L L p q  are constants not mentioned due to brevity. 
4. Results and Discussion 
The dimensionless Concentration profiles for different values of Schmidt number Sc for different fluids are 
depicted in figure 1. It is noticed that concentration decreases with increasing values of Schmidt number Sc  and it is 
seen that the solutal boundary layer thickness decreases as Schmidt number Sc increases. The effect of destructive 
Chemical reaction parameter Kr  (>0) on species concentration profiles are depicted in figure 2 .It is clear that the 
concentration decreases with an  increasing values of Chemical reaction parameter Kr as well as it decreases the 
boundary layer thickness. The graphical representation of the temperature profiles θ  for various values of heat 
source parameter S are shown in fig.3. It is obvious that in the absence of heat source parameter the fluid 
temperature is very high. The influence of radiation parameter 1R  on the temperature profiles are shown in fig.4. It is 
noticed that the temperature profiles decreases with an increasing values of 1R as well as decrease the thermal 
boundary layer thickness. 
Fig.5 depicts the effect of heat source parameter S on the velocityݑ . It is seen that an increase in S
produces decrease in the velocity profiles within the boundary layer. Also, decreasing the hydromagnetic boundary 
layer thickness. The influence of radiation absorption parameter 1R on the velocity profiles are shown in fig.6. It is 
observed that an increase in the radiation absorption parameter 1R causes to decrease the fluid velocity and clearly 
noticed that in the absence of radiation absorption parameter 1R  the velocity reaches the maximum peak value. 
Fig.1.Concentration  profiles for different values of Schmidt  
number Sc  with 0.2Kr =

Fig.2.Concentration profiles for different values of   Chemical 
reaction parameter Kr   with 0.6Sc =

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Fig.3.Temperature profile for different values of Heat source 
parameter S  with 10.8, 0.2, 0.2Sc Kr R= = =
Fig.4.Temperature profile for different values of Radiation absorption 
parameter 1
R
 with 0.8, 0.5, 1Sc Kr S= = = 
                           
Fig.5 Velocity profiles for different values of Heat source parameter 
S with
1 1
0.8, 1, 2, 0.5,
0.5, 5, 10, 0.5, 0.
p
m r
Sc Kr M K
K G G R α
= = = =
= = = = =

Fig.6. Velocity profiles for different values of Radiation absorption  
parameter 1
R
with
10.8, 1, 2, 0.5, 0.5,
0.5, 5, 4, 0.5p m r
Sc Kr M K
K G G S
α= = = = =
= = = =

                    
Fig.7. Velocity profiles for different values of Magnetic field parameter M  with 
1 10.8, 1, 0.5, 0.5, 0.5, 0.5, 5, 4, 1p m rSc Kr K S K G G Rα= = = = = = = = =
Fig.8.Velocity profiles for different values of Visco-elastic parameter 1K with
10.6, 0.5, 0.5, 1, 1, 5, 4, 0.5, 2p m rSc Kr S K G G R Mα= = = = = = = = =
0 1 2 3 4 5 6
0
1
2
3
4
5
6
7
8
y
u
S=0
S=1
S=2
S=3
0 1 2 3 4 5 6 7 8 9 10
-0.4
-0.2
0
0.2
0.4
0.6
0.8
1
y
θ
R1=1
R1=2
R1=3
R1=4
0 1 2 3 4 5 6
0
1
2
3
4
5
6
7
8
y
u
S=0
S=1
S=2
S=3
0 1 2 3 4 5 6
-1
0
1
2
3
4
5
y
u
R1=1
R1=2
R1=3
R1=4
0 1 2 3 4 5 6
0
1
2
3
4
5
6
y
u
M=0
M=1
M=2
M=3
0 1 2 3 4 5 6
-1
0
1
2
3
4
5
6
7
8
9
y
u
K1=0.5
K1=1
K1=1.5
580   V. Prabhakara Reddy et al. /  Procedia Engineering  127 ( 2015 )  575 – 582 
Fig.9. Velocity profiles for different values of  Porosity parameter p
K
with 
1 10.6, 5, 0.5, 1, 0.5, 5, 4, 0.5, 0.5m rSc Kr S K G G R Mα= = = = = = = = =
Fig.10. Velocity profiles for different values of inclination angle 
α
with 
1 10.8, 5, 0.5, 0.5, 0.5, 5, 4, 2, 2P m rSc Kr S K K G G R M= = = = = = = = =
                                  Table.1: Numerical values of Nusselt number (Nu) 
Table.2: Numerical values of Sherwood number (Sh) 
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Sc  S  Kr  Pr  1R Nu 
Ϭ͘Ϯ Ϯ Ϭ͘ϱ Ϭ͘ϳϭ Ϯ ϯ͘ϭϭϲϮ
Ϭ͘ϰ Ϯ Ϭ͘ϱ Ϭ͘ϳϭ Ϯ Ϯ͘ϵϮϴϱ
Ϭ͘ϲ Ϯ Ϭ͘ϱ Ϭ͘ϳϭ Ϯ Ϯ͘ϳϵϵϱ
Ϭ͘Ϯ Ϭ Ϭ͘ϱ Ϭ͘ϳϭ Ϯ ϱ͘ϯϰϯϮ
Ϭ͘Ϯ ϭ Ϭ͘ϱ Ϭ͘ϳϭ Ϯ ϯ͘ϭϳϯϵ
Ϭ͘Ϯ Ϯ Ϭ͘ϱ Ϭ͘ϳϭ Ϯ ϯ͘ϭϭϲϮ
Ϭ͘Ϯ Ϯ ϱ Ϭ͘ϳϭ Ϯ Ϯ͘ϳϭϴϵ
Ϭ͘Ϯ Ϯ ϭϬ Ϭ͘ϳϭ Ϯ Ϯ͘ϱϳϲϮ
Ϭ͘Ϯ Ϯ ϭϱ Ϭ͘ϳϭ Ϯ Ϯ͘ϰϵϯϴ
Ϭ͘Ϯ Ϯ Ϭ͘ϱ Ϭ͘ϬϮϱ Ϯ ϯ͘ϯϮϭϵ
Ϭ͘Ϯ Ϯ Ϭ͘ϱ Ϭ͘ϳϭ Ϯ ϯ͘Ϭϲϴϲ
Ϭ͘Ϯ Ϯ Ϭ͘ϱ ϳ Ϯ Ϯ͘ϲϰϵϳ
Ϭ͘Ϯ Ϯ Ϭ͘ϱ Ϭ͘ϳϭ ϭ Ϯ͘ϰϲϰϳ
Ϭ͘Ϯ Ϯ Ϭ͘ϱ Ϭ͘ϳϭ Ϯ ϯ͘ϭϭϲϮ
Ϭ͘Ϯ Ϯ Ϭ͘ϱ Ϭ͘ϳϭ ϯ ϯ͘ϳϲϳϴ
Sc Kr Sh
0.22 0.2 0.3469 
0.62 0.2 0.7791 
0.78 0.2 0.9451 
0.22 5 1.1646 
0.22 10 1.5973 
0.22 15 1.9299 
(9) (10) 
581 V. Prabhakara Reddy et al. /  Procedia Engineering  127 ( 2015 )  575 – 582 
Table.3: Numerical values of Skin friction coefficient (Cf) 
  
Fig.7. indicates the velocity profiles for values of magnetic field parameter M . From this figure it is obvious that the 
velocity decreases with the increasing values of magnetic field parameter M as well as in the absence of magnetic 
field the fluid velocity reaches maximum peak value.
       The graphical representation of the velocity profiles u for different values of viscoelastic parameter 1K are 
shown in fig.8. It is obvious that the velocity decreases as 1K  increases. Also it is noticed that the effect of 
Permeability parameter 1K  is highly considerable, boundary layer thickness decreases and attains the free stream 
conditions near the plate. The maximum velocity of the fluid is shifting towards the plate with increasing values of 
Permeability parameter 1K . The velocity profiles are studied for various of porosity parameter PK  is presented in 
fig.9. From the figure it shows that the velocity increases significantly with an increasing values of pK . Also, it is 
clear that the velocity decreases more rapidly for 0.1PK =  in comparison to 0.9PK = . The Velocity profiles for 
different values of Magnetic field direction angle α are depicted in figure 10. It can be observed from the figure that 
the velocity decreases with an increasing values of α . Also, it is clear that the retardation force increases with 
increasing the angle α . 
        The Numerical values of the rate of heat transfer in terms of Nusselt number Nu are presented in table-1. From 
this table it is noticed that Nu decreases with Sc or S or Kr or Pr , while it increases with 1R . It is conclude that the 
variation of Nusselt number for mercury and water is considerable. The numerical values of the rate of mass transfer 
coefficient in terms of Sherwood number Sh are presented in table-2. From this table it is clear that Sh increases 
with Kr .It is observed that Sh increases with Sc for Different fluids 0.22 (Hydrogen), 0.62 (Oxizen) and 0.78 
Sc S Kr Pr 1R M α PK Cf
0.2 2 0.5 0.71 2 0.2 ߨȀͶ 0.5 0.4140 
0.4 2 0.5 0.71 2 0.2 ߨȀͶ 0.5 0.3840 
0.6 2 0.5 0.71 2 0.2 ߨȀͶ 0.5 0.3589 
0.2 1 0.5 0.71 2 0.2 ߨȀͶ 0.5 0.3313 
0.2 2 0.5 0.71 2 0.2 ߨȀͶ 0.5 0.4140 
0.2 3 0.5 0.71 2 0.2 ߨȀͶ 0.5 0.4452 
0.2 2 5 0.71 2 0.2 ߨȀͶ 0.5 0.3415 
0.2 2 10 0.71 2 0.2 ߨȀͶ 0.5 0.3083 
0.2 2 15 0.71 2 0.2 ߨȀͶ 0.5 0.2880 
0.2 2 0.5 0.025 2 0.2 ߨȀͶ 0.5 0.4607 
0.2 2 0.5 0.71 2 0.2 ߨȀͶ 0.5 0.4140 
0.2 2 0.5 7 2 0.2 ߨȀͶ 0.5 0.3114 
0.4 2 0.5 0.71 1 0.2 ߨȀͶ 0.5 0.7910 
0.4 2 0.5 0.71 2 0.2 ߨȀͶ 0.5 0.3840 
0.4 2 0.5 0.71 3 0.2 ߨȀͶ 0.5 0.2179 
0.4 2 0.5 0.71 2 0 ߨȀͶ 0.5 0.4004 
0.4 2 0.5 0.71 2 1 ߨȀͶ 0.5 0.3293 
0.4 2 0.5 0.71 2 2 ߨȀͶ 0.5 0.2803 
0.4 2 0.5 0.71 2 0.5 ߨȀ͸ 0.5 0.3801 
0.4 2 0.5 0.71 2 0.5 ߨȀͶ 0.5 0.3616 
0.4 2 0.5 0.71 2 0.5 ߨȀ͵ 0.5 0.3447 
0.4 2 0.5 0.71 2 0.5 ߨȀͶ 1 0.5841 
0.4 2 0.5 0.71 2 0.5 ߨȀͶ 1.5 0.7167 
0.4 2 0.5 0.71 2 0.5 ߨȀͶ 5 1.0212 
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(Ammonia). From table-3 the absolute value of Cf increases with S or PK , while it decreases with Sc or S or Pr or 
Kr or 1R or M orα . It is clear that the effect of S or Pr are very significant. 
5. Conclusions 
In this study, the closed form of analytical solutions is obtained for velocity, temperature and concentration fields 
using perturbation technique. The following significant conclusions are arrived. 
1. There is a significant decrease in velocity by the increase of inclination angle α . It is noticed that the velocity 
boundary layer thickness increases with α . 
2. An Increase the values of radiation absorption parameter 1R ǡthe velocity increases significantly and gradually 
decreases to attain the free stream condition. 
3. The effect of PK  on velocity field is considerable. 
4. It is noticed that the effects of 1R  or Pr are very significant on Cf Ǥ
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